Introduction
Arthrogryposis is a congenital disease that presents as a group of conditions with the clinical presentation of multiple contractures potentially involving various areas of the body.
1,2 Amyoplasia, the classic form of arthrogryposis, occurs sporadically, whereas distal arthrogryposis is often hereditary and has been linked to genetic mutations.
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Amyoplasia is characterized by symmetrical limb contracture. Patients typically present with internally rotated shoulders, extended elbows, pronated forearms, and deformities of the wrists and fingers. In terms of the lower extremity, patients may present with externally rotated hips, flexed or extended knees, and complex clubfoot.
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Amyoplasia has been reported to be associated with spinal deformity in 30 to 67% of cases. 10 It has been shown that almost one-third of cases with amyoplasia have a C-shaped thoracolumbar curve. 6, 11 Congenital cervical spine deformities associated with asymmetrical amyoplasia have recently been reported in children.
12
Amyoplasia has been associated with neurologic symptoms such as sensory ataxia. 13, 14 The pathogenesis of amyoplasia is neurologic or neuromuscular in the majority of cases, with alterations in anterior horn cells, roots, peripheral nerves, and myopathy being reported. 15, 16 Scoliosis, which
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Objective Amyoplasia-type arthrogryposis is a rare congenital disease that presents as multiple contractures involving various areas of the body. To the authors' knowledge, there have been no reports of adults with amyoplasia in the current literature. We report a case of an adult patient with cervical stenosis in the setting of amyoplasia.
Patients and Methods A 48-year-old patient with amyoplasia and over 30 previous orthopedic reconstructive surgeries presented with neck pain radiating down his left shoulder and into the fingers, dysesthesia in his fingertips, and left-sided periauricular headache. A diagnosis of central spinal canal stenosis and bilateral foraminal stenosis at C3-C7 with radiculopathy was made based on computed tomography scans. Because of a prior right-side sternocleidomastoid muscle transfer, a left-side C3-C4, C5-C7 anterior cervical discectomy and fusion procedure was performed.
Results The patient experienced significant improvement in symptoms that was transient. Symptoms returned to preoperative values after 1 year, despite significant and persistent improvement in stenosis.
Conclusions Both amyoplasia and cervical stenosis can manifest in neurologic symptoms. Distinguishing the causing pathology can be challenging. The radiographic improvement of cervical stenosis in a patient with amyoplasia is not always associated with long-standing pain relief.
can be associated with amyoplasia, can cause radiculopathy in the lower extremities. 17, 18 We present a unique case of a 48-year-old male patient with the clinical presentation of neuropathy with cervical stenosis in the setting of congenital amyoplasia-type arthrogryposis.
Case Report
A 48-year-old, left-handed male patient with amyoplasia presented with a 1.5-year history of constant neck and interscapular pain radiating into his shoulders, going down to his left arm and into the hand and fingers. The pain was accompanied by dysesthesia and loss of dexterity with the same distribution. At initial office consultation, the patient presented on a wheelchair with obvious upper and lower extremity deformities. Physical examination revealed a wide neck and limited range of motion of the right shoulder due to prior fusion surgery. The patient was able to wiggle fingers and had intact sensation to light touch. The distribution of his neurologic deficits is presented in ►Table 1. The patient's surgical history was positive for more than 30 orthopedic reconstructive surgeries involving the hips, knees, ankles, elbows, wrists, fingers, and shoulders, the last which was performed over 20 years prior. Furthermore, the patient received a prior right-side sternocleidomastoid muscle transfer procedure. He was obese and had high blood pressure, pyelonephritis, osteoarthritis, and sleep apnea.
Imaging indicated multilevel spondylosis without deformity or instability, and severe central and foraminal stenosis with ossification of the posterior longitudinal ligament at C3-C4, C5-C6, and C6-C7 levels (►Figs. 1-3). Preoperative workup was conducted and was significant for hypertension and nonspecific T-wave abnormalities on electrocardiography. There were no contraindications for surgery, and laboratory values were within an acceptable range except for hyperglycemia and hyperlipidemia that were treated with medication.
For the surgical procedure, an anterior cervical discectomy and fusion (ACDF) was opted to treat the intervertebral foraminal stenosis. With the patient in supine position, general endotracheal intubation and anesthesia lines were placed without difficulty. A left-sided surgical approach was elected due to the previous right-side sternocleidomastoid muscle transfer. Three-level ACDF was performed at the C3-C4 and C5-C7 levels, augmented by iliac crest bone autograft and stabilized with plates (►Figs. 4 and 5). There were no intraoperative or immediate postoperative complications. The patient wore a hard collar for the first 2 postoperative weeks and was instructed to apply ice packs as needed. Radiographically, there was successful fusion and significantly improved central and foraminal stenosis at 10 months (►Fig. 6). At 1-month follow-up, the patient reported almost complete improvement of his preoperative complaint of upperleft extremity pain. At 3-month follow-up, he reported difficulty in tapering off medication, and was referred to pain management. At 6-month follow-up, he began to experience recurrent pain and dysesthesia, with a reported 50% improvement over preoperative symptoms. Physical therapy was prescribed with focus on strengthening upper extremities and also increasing range of motion of shoulders. After completing two rounds of physical therapy, he reported worsening of pain and dysesthesia despite significant improvement of central and foraminal stenosis on plain films. At 1-year follow-up, the patient received two epidural steroid injections to the C6-C7 level. His symptoms of pain and dysesthesia were reported to be back to preoperative levels. 
Discussion
Congenital arthrogryposis is a rare condition affecting less than 0.03% of live births. 1 The disease presents as a group of conditions involving multiple contractures in various areas of the body. 1,2 Generally, multiple surgical procedures are performed on patients at an early age to correct these deformities.
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Spinal deformity in the form of scoliosis is frequently reported in cases of amyoplasia, with reported incidence ranging from 30 to 67%. 10 The severity of the condition depends on the degree of muscle weakness. 11 Scoliosis associated with amyoplasia has been reported to cause thoracic insufficiency syndrome from reduction in hemithoracic height as well as intrinsic lung diseases, such as bronchiectasis.
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Surgical treatment for scoliosis associated with amyoplasia involving growing rods has been reported in young children.
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Congenital cervical scoliosis associated with asymmetrical amyoplasia has recently been reported. 12 However, congenital spinal stenosis has not been associated with amyoplasia. Scoliosis has been associated with radiculopathy, and amyoplasia has been associated with neurologic symptoms. 13, 17, 18 The combinations of neuropathic and myopathic factors in amyoplasia remain poorly defined. 22 It can therefore be difficult to identify the underlying cause of radiculopathy in a patient with amyoplasia due to the diffuse nature of the disease. In our patient, multilevel cervical stenosis was treated to address the pain and dysesthesia of the patient. Treatment with ACDF initially significantly improved the patient's symptoms through treatment of central and intervertebral stenosis. However, the patient's symptoms returned within a year, despite physical therapy and epidural steroid injections. It appears that neuropathy due to amyoplasia was the underlying cause of the patient's neurologic symptoms with minimal contribution from stenosis. Thorough nerve conduction studies may have helped determine the specific affected nerves and whether neurological symptoms were due to radiculopathy from central or foraminal stenosis or more distal neuropathy due to amyoplasia. There have been very few reports of arthrogryposis in patients past skeletal maturity. 23, 24 Of these reports, patients were followed until young adulthood. Another case on two older patients with distal-type arthrogryposis-related ptosis and ophthalmoplegia has been reported. 25 To our knowledge, the patient in this report is the first adult patient with the amyoplasia-type of arthrogryposis to present with neurologic symptoms in a setting of cervical stenosis. Whether cervical stenosis is associated with amyoplasia is still unclear. The patient in this case received 30 prior orthopedic surgeries to correct for deformities. A previous right-side sternocleidomastoid muscle transfer procedure and his prior body habitus limited the surgeon to a left-side approach with access surgery performed by a head and neck specialist.
In conclusion, patients with amyoplasia can be challenging cases for surgeons to treat. Surgical considerations should be made following a thorough review of prior surgical history to treat patients with amyoplasia. Radiographic improvement of cervical stenosis is not always associated with long-standing pain relief. Patients with multiple diagnoses that can contribute to clinical symptomatology often pose diagnostic and therapeutic challenges to the surgeon. For example, patients with multiple sclerosis and long-tract signs may be symptomatic from the underlying disease or from compressive cervical stenosis.
1,2 The decision to offer surgery in this instance may be difficult, as there is a chance that intervention may not be helpful and could possibly cause harm. The authors of this case report faced a similar clinical conundrum. A 48-year-old male patient with arthrogryposis and 30 previous surgeries presented with what appeared to be symptoms of cervical radiculopathy but could also have been consistent with the underlying disease. A magnetic resonance image revealed findings consistent with nerve root compression, and the patient underwent a three-level anterior cervical diskectomy and fusion. His symptoms resolved for a short period of time, only to return a year after surgery.
It may seem logical, in hindsight, to criticize the authors for offering surgery in a patient who ultimately had no improvement. There is no way to know this when the patient presents, particularly when confronted with a very rare underlying disease, as was the case here. The surgeons made a judgment call, and the patient did experience symptomatic relief for a period of time. In the end, surgeons have their experience and their technical expertise to offer patients; if there is any chance that the patient's course will improve with intervention, the most prudent course to take may be the most invasive.
Although surgery appears to be an appropriate course of action in this case, the actual procedure performed may be debatable. The authors performed a nonconsecutive threelevel diskectomy, fusing C3-C4 and C5-C7, leaving the C4-C5 level untouched. Because this level was not fused, it is very likely there will be degenerative changes during the patient's lifetime.
3 Perhaps a better choice would have been to fuse this level as well, or perform a posterior procedure, which could have achieved the same surgical goals. At the very least, the patient will require close follow-up to evaluate the uninstrumented disk space. Nevertheless, the lesson offered in this case should be reemphasized. In patients harboring more than one disease that could explain their symptoms, surgery should be considered and frequently offered, as patients will often benefit.
Editorial Perspective
The authors deserve our recognition for being willing to present a complex case without positive outcome for our review and collective learning. Case reports are rightly and frequently looked down upon for their lack of methodological and substantive foundations. That said, rare conditions or constellations of disorders elude more formal investigations, and as this case illustrates very well, every patient, every case, is different, and we can learn from them in many ways. What can we deduct from this case?
Commentator Dr. Arnold concurred with the general decision-making process here, assuming that full disclosure with the patient and family relative to the uncertainty of outcome was undertaken prior to the intervention. As this case shows, technical points of how to perform surgery in unusual circumstances remains a very compelling topic: Do we make compromises in application of our principles (such as leaving a single motion segment unfused between other fusion levels) or should we stick to dogma under all circumstances, even if it means a more invasive surgery? Finding a middle ground might seem appealing but harbors the question of what to do if complications arise. In this case, a more extensive decompression and fusion such as a multilevel anterior decompression and fusion may have deterred the patient and the family away from surgery; a greater perioperative morbidity would also have to be taken into consideration. We invite the comments of the EBSJ readership around the world to share their opinions on the topic of decisionmaking in equivocal circumstances such as presented here and to also provide any observations on outcomes of spine surgery in adults with arthrogryposis.
